We isolated from soybean miso 8-hydroxyglycitein and 6-hydroxydaidzein as DPPH-radical scavengers, and elucidated their chemical structures by mass spectrometric, and 1 H-and 13 C-NMR spectrosopic analyses. These compounds showed DPPH-radical scavenging activity as high as that of -tocopherol, 8-hydroxygenistein and 8-hydroxydaidzein. This is the first report of the isolation of 8-hydroxyglycitein from a natural source.
We have been studying food factors from fermented foods, and have isolated several lipoxygenase inhibitors from beni-koji and koji. 1) As a continuation of this study, we attempted to isolate the antioxidants from soybean miso. The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical can be used as a reagent for evaluating the antioxidative activity of -tocopherol, 2) and by applying a simple method using this radical, we have already isolated several new DPPH-radical scavengers of microbial origin. 3, 4) We have used the same method to isolate 8-hydroxygenistein, 8-hydroxydaidzein, syringic acid, and vanillic acid as compounds with high DPPH-radical scavenging activity from soybean miso, and reported that 8-hydroxygenistein showed high anti-proliferative activity toward human promyelocytic leukemia cells (HL-60). 5) During the course of our search for other DPPHradical scavenging compounds from soybean miso, we isolated 8-hydroxyglycitein and 6-hydroxydaidzein from soybean miso. The isolation, structural elucidation, DPPH-radical scavenging activity and antiproliferative activity toward HL-60 cells of these two compounds are now reported.
Soybean miso defatted with n-hexane was extracted with ethyl acetate, and the resulting extract was purified by silica gel column chromatography, MPLC and HPLC. Two DPPH-radical scavengers, compounds 1 and 2, were finally obtained.
In the 1 H-NMR spectrum (DMSO-d 6 ) of compound 1, C 16 H 12 O 6 , a singlet signal (1H) at 8.31, which is characteristic of an isoflavone methine proton on C-2, and two doublets ( 6.80 and 7.39, each 2H) from the isoflavone B ring bearing the 4 0 -hydroxyl group were observed. Furthermore, a methoxy singlet signal at 3.88, a singlet methine at 7.06 and broad 3H signals at 9.46 and ca. 9.6 due to hydroxy protons were also apparent. The HMBC spectrum of 1 showed cross peaks between 2-H and C-3, C-4, C-8a and C-1 0 , between 2 0 -H and C-3 and C-4 0 , and between 3 0 -H and C-1 0 and C-4 0 . These data supported the substitution of the B and C rings as shown in Fig. 1 . Accordingly, the A-ring of 1 was substituted by a methoxy group and two hydroxy y To whom correspondence should be addressed. Tel: +81-54-264-5552; Fax: +81-54-264-5099; E-mail: hirotaa@u-shizuoka-ken.ac.jp Abbreviations: FABMS, fast atom bombardment mass spectrometry; HMBC, heteronuclear multiple-bond connectivity; NOESY, nuclear Overhauser effect spectroscopy groups. Since the ketone carbon at 176.5 had a cross peak with the proton at 7.06 in the HMBC spectrum, this proton signal would have been due to 5-H. This 5-H proton signal and the methoxy proton showed a cross peak in the NOESY spectrum of 1, and the methoxy group must have been a substituent at C-6. Compound 1 was therefore identified as 7, 8, 4 0 -trihydroxy-6-methoxyisoflavone (8-hydroxyglycitein). (Fig. 1) It had been reported that 8-hydroxyglycitein was isolated from the gall and wood of Wisteria brachybotrys.
6) However, the 1 H-NMR spectrum of 1 reported here is different from that of 8- This structural elucidation of 1 by two-dimensional NMR spectra elucidated that 1 was authentic 8-hydroxyglycitein; this is therefore the first report of 8-hydroxyglycitein being isolated from fermented soybean food and a natural source. Compound 1 has not been previously detected in soybean, so glycitein may be converted by analogy to the formation of 8-hydroxygenistein and 8-hydroxydaidzein. 5) Since these 8-hydroxyisoflavones are not contained in rice miso and barley miso (data not shown), 8-hydroxyisoflavones seem to be biotransformed in soybean koji at the solid seed culture stage by Aspergillus oryzae.
Compound 2 was identified as 6,7,4 0 -trihydroxyisoflavone (6-hydroxydaidzein) (Fig. 1 ) from the physico-chemical properties and 1 H-and 13 C-NMR spectra. 6-Hydroxydaidzein was first isolated from tempeh, a kind of fermented soybean food. 7, 8) It was later reported that bacteria isolated from tempeh biotransformed daidzein to 6-hydroxydaidzein, 9) and 2 has also been isolated from a fermented soybean product.
10)
Compound 2 was not detected in soybean, and seemed to be produced during fermentation by A. oryzae. It is not yet clear whether the precursor of 2 was daidzein, glycitein or another isoflavone.
The DPPH-radical scavenging activity of compounds 1 and 2 was measured (Table 1) .
3) Both compounds showed activity as high as that of 8-hydroxygenistein, 8-hydroxydaidzein, and -tocopherol. Accordingly, the ortho dihydroxy catechol structure in these isoflavones played a role in the radical scavenging activity.
The antiproliferative activity of compounds 1 and 2 toward human promyelocytic leukemia cells (HL-60) was measured with the results shown in Table 1 5) a methoxy group or a hydroxy group at C-5 and/or C-6 would have been necessary for the high antiproliferative activity toward HL-60 cells.
No antiproliferative effect of these 8-hydroxyisoflavones and 6-hydroxydaidzein on human umbilical vein endothelial (HUVE) cells, a normal cell line, was apparent at a concentration of 50 M, and these compounds strongly inhibited HL-60 cells at the same concentration.
The DPPH-radical scavenging activity of isoflavones with the ortho dihydroxy catechol structure isolated from soybean miso was much higher than that of genistein and daidzein. On the other hand, the antiproliferative activity of isoflavones having a catechol structure toward HL-60 cells was slightly higher than that of genistein. Accordingly, it seems that an isoflavone hydroxylated by A. oryzae had higher activity than the original isoflavone in its DPPH-radical scavenging activity and antiproliferative activity toward HL-60 cells.
Experimental
The HPLC apparatus used was a Jasco instrument (PU-980 pump and UV-970 detector), and the MPLC apparatus was a Yamazen BPLC-600-FC system (YFLC-No. 600A pump and prep. UV-10V-HC detector). FABMS was recorded by a Jeol JMS-700 spectrometer.
1 H (400 MHz)-and 13 C (100 MHz)-NMR spectra were recorded by a Jeol alpha-400 spectrometer.
Soybean miso was obtained from Marusan-Ai Co. (Okazaki, Japan). DPPH, Wako gel and organic solvents were obtained from Wako Pure Chemical Ind. (Tokyo, Japan). Human promyelocytic leukemia HL-60 cells were purchased from Riken Gene Bank (Tsukuba, Japan). The HUVE culture kit was purchased from Morinaga Institute of Biological Science (Yokohama, Japan).
Extraction and isolation procedures. Soybean miso (1 kg) was suspended in boiled water and defatted with n-hexane (Hex). The residual solution was adjusted to pH 3 and extracted with ethyl acetate (EtOAc), the resulting EtOAc extract (88.4 g) being applied to silica Measurement of the DPPH-radical scavenging activity. An ethanol solution of a sample (2 ml) was mixed with a 0.5 mM DPPH ethanol solution (1 ml) and 0.1 M acetate buffer (pH 5.5; 2 ml). After standing for 30 min at room temperature, the absorbance of the mixture at 517 nm was measured. The ED 50 value was determined as the concentration of each sample required to give 50% of the absorbance shown by a blank test.
Cell proliferative assay. The HL-60 cell line was maintained in an RPMI 1640 medium supplemented with 10% heat-inactivated fetal bovine serum (FBS).
11)
HL-60 cells in the log phase were diluted to 50,000 cells/ml and preincubated for 6 hr in 96-well plates. Samples dissolved in DMSO were then added. In a blank experiment, the cells were treated with the same concentration of DMSO that had been used in the experiment with the samples. After 3 days of incubation in a humidified atmosphere of 5% CO 2 -95% air at 37 C, the level of proliferation was measured by using Alamar blue, an oxidation-reduction indicator. Staining with Alamar blue was correlated with the cell number. HUVE cells were subcultured every 3 days at a density of 5 Â 10 5 cells/ml. Four passages at the most of the cell line were used for the antiproliferative assay. To each well, 2 Â 10 cells/100 l of the HUVE cell suspension was added, before being mixed with 100 ml of a medium containing a serial dilution of the samples to be assayed.
